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Referring to Figure 8, one of the mechanisms at work here is that as wire heats up to high 
temperature it undergoes substantial thermal expansion. It must move or squirm to 
accommodate length change. Squirming distorts the element geometry and can be a factor in 
coil spacing. Thus, an aspect of the invention allows free thermal expansion motion, retains 
intended geometry and avoids stressing of the hot, weak element wire. 

4. Heating Element Density 

Referring to Figure 6, for high temperature service, a large number of elements working 
together will reduce the risk that the elements may reach or exceed their maximum service 
temperature. As the number of elements increases, the AT decreases. The ultimate 
configuration would be on wherein the work is 100% enclosed in a hot surface while the hot 
surface is surrounded by another enclosure which prevents any heat from escaping. Such a 
configuration is impossible, but an element design which allows close approximation is very 
advantageous. In an aspect of the invention, the ability to dispose a relatively dense planar array 
of heating elements above and below the work and in close proximity to a workpiece, in 
combination with the highly reflective walls of the process chamber, provides a substantially 
isothermal chamber with respect to the workpiece where the AT is a minimum. 

5. Electrical Insulation 

Referring to Figures 7, 8A and 8B, electrically powered heat elements will obviously need 
some type of insulation to prevent closely spaced wires from shorting together or short-circuiting 
to conductive parts of a furnace structure. At high temperature, however, this insulation must be 
very carefully chosen. Even high temperature materials like quartz and ceramic are not 
necessarily adequate. 

The presently available heating element material, Kanthal, is a metallic alloy made of 
n i ck el , iron containing (apart from iron) chromium (20-30 %). and a f e w percent aluminum (4-7.5 
%), and trace amounts of cobalt . For high temperature service, this alloy, by its nature, forms a 
surface layer of aluminum oxide. This oxide is a form of corrosion which then becomes highly 
protective to the remaining underlying metal. Aluminum oxide (in pure crystalline form, sapphire) 
is one of the most durable of ceramics. It is this nature of Kanthal which makes it a prime high 
temperature element material. 

Any contamination of this surface oxide is likely to degrade its performance. Any insulator 
in contact with the hot wire would have to be a contamination suspect unless it also is high-grade 
aluminum oxide. Thus, alumina ceramic emerges as the preferred high temperature insulator, 
because of its compatibility with Kanthal. 
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